The present study aimed to investigate the microbial populations of popular Indian traditional fermented food and determine the antifungal, probiotic and antioxidant properties. After a preliminary subtractive screening of the strains based on the antagonistic properties against the food spoilage fungus such as Aspergillus, Penicillium, and Fusarium, a strain named T5 was selected for characterization. Micro morphology, biochemical and physiological studies revealed that the strain was closely resembled to Lactobacillus and 16S rRNA gene amplification and sequence study confirmed that the strain belonged Lactobacillus plantarum. The strain T5 was able to withstand the gastrointestinal tract conditions, able to tolerate low buffering conditions and grow in the presence of bile salts. The antibiotic sensitive to common antibiotics were its advantage. In addition, the strain T5 showed comparatively better growth in the presence of H 2 O 2 , and the rates of hydroxyl radical, and DPPH scavenging activities were 54% and 77%, respectively. In conclusion, antifungal, probiotic and antioxidant properties of Lactobacillus plantarum T5 confirmed its benefit and application to the food industry.
Introduction
Indian traditional fermented food such as koozh, dahi, iromba, gundruk, iniziangsang, kanjika sinki and fermented ragi malt made using rice, black gram, wheat and milk products are gaining popularity as functional foods. These fermented products are considered to be a good source of industrially important microorganisms. Among the microorganisms, Lactic acid bacteria (LAB) exist in fermented foods, yogurts, fresh plants, creams, gastrointestinal tract (GIT) of humans and animals play an important role in the nutritional quality of the foods (Garofalo et al., 2012) . Improper storage of the fermented food in the container and the storage boxes leads to the growth of spoilage fungus belonged to Aspergillus, Penicillium, and Fusarium which significantly alter the sensory properties, taste and flavor of the food (Smith and Hong-Shum 2003) . Different varieties of preservatives were prepared by chemical and biological method has been applied to control the spreading of the fungal spoilages. The preservatives prepared by chemical methods were fast and withstanding than the biological methods. Food industries have been investing huge amount of money for the production of chemical preservatives such as sodium benzoate, lactic acid, potassium benzoate and potassium sorbate to overcome the fungal spoilage besides its side effects (Arasu et al., 2014) . In general the consumers want harmless foods with high nutrient quality, less preservatives with an extended shelf life. Also the production cost of the chemical preservatives and the resistance of fungi triggered the alternative route of preservation through microorganisms, such as LAB (Brul and Coote 1999) . Among LAB, Lactobacillus brevis, L. bulgaricus, L. lactis, L. fermentum, L. acidophilus, L. pentosus, L. rhamnosus and L. plantarum are able to produce different kinds of bioactive molecules, such as bacteriocin, cyclic dipeptides, organic acids, phenyl lactic acid, benzoic acid, peptides, fatty acids, hydrogen peroxide, 2-propenyl ester, proteinaceous compounds, reuterin and other low molecular-weight metabolites that prevent the growth of undesirable spoilage fungi (Voulgari et al., 2010; Arasu et al., 2015) .
LAB are anaerobic, Gram-positive, short rod, catalase negative, cytochrome free, air and acid-tolerant, low G + C content with non-spore forming bacteria which produce organic acids such as acetic acids, succinic acid and lactic acid as a major metabolites (Arasu et al., 2013) . The antibacterial, antifungal and probiotic properties of LAB strains have been widely studied (Ge-Online ISSN: 2454-4787 rez et al., 2009). Among LAB, L. plantarum are able to survive under low buffering capacity in the stomach and other bile salts secretions in humans and other mammals (Georgieva et al., 2009 ). In addition to their role as probiotics and preservatives, they also applied in medical fields for the treatment of various cardiovascular and chronic diseases such as diabetes, alzheimer's, parkinson's, cancer, obesity, hypertension, liver disorders and urinogenetal complications and acts as an antioxidant, anti-inflammatory and antiobesity agents (Woo et al., 2014) . There has been a increased interest in the application of Lactobacillus strains in the food industry as a probiotic starter culture with other beneficial properties. Moreover, before using the strains in the food industry, it is necessary to evaluate the functional properties including antibiotic resistance and other useful applications as antioxidant activities (Salyers et al., 2004) . Therefore, the present study aimed to identify the antifungal LAB strains from ragi malt and investigate its in-vitro probiotic and antioxidant properties.
materials and methods

Isolation of Lactobacillus strains
Lactobacillus strains were isolated from the fermented ragi malt. Briefly, the processed ragi malt obtained from the market was mixed with water and boiled for an hour and mixed with salt and stored under the room temperature for 9 h. For the isolation process, fermented ragi malt was serially diluted with sterile distilled water under aseptic conditions and the diluted samples were spread on the plates containing 20 mL of autoclaved de Man Rogosa (MRS) agar. After absorption of the samples in to the agar medium, the plates were incubated under aerobic condition at 37°C for three days. After the observation of the visible growth, the bacterial strains were purified and named as T1 to T10 and stored in the laboratory refrigerator for routine experiments. Morphological, biochemical and physiological characteristics of the strains were examined by following the reported literature. Phenotypic characteristic were studied using API 50CHB kits. The growth and fermentation patent of the strains under various sugars were determined by following the method of Drosinos et al. (2007) .
Selection of antifungal Lactobacillus strains
The antifungal properties of the isolated strains were determined by agar over laying method. Briefly, the strains were spotted on the MRS agar medium and incubated at 37 o C for 72 h. After incubation, the plates were covered with the sabouraud dextrose agar (SDA) (1.8%) medium suspended with Aspergillus, Penicillium, and Fusarium suspension. Further, the plates were incubated at 30 o C for 72 h. The Lactobacillus strains exhibiting antifungal activity were displayed as the zone of inhibition and the zones were recorded. The experiment was confirmed by performing triplicate and the strain with significant activity was identified by PCR amplification of 16S rRNA gene and sequencing.
Amplification of 16S rRNA gene and sequencing
The Lactobacillus strain T5 showed promising antifungal activity against the filamentous spoilage fungus was selected for the 16S rRNA gene sequencing. Colony PCR method was followed for the amplification of the 16S rRNA gene. Briefly, a loop full of freshly grown strains were mixed with 100 µL of the sterile water and boiled for 10 min. After that the suspension was centrifuged and 10 µL of the suspension was used for the preparation of PCR mixture reaction. The PCR reaction mixture contains Taq buffer (1 µL), Taq polymerase enzyme (0.5 µL), dNTPs (1 µL), primer mixture (1 µL), DNA sample (10 µL), and water (11.5 µL). The primer sequences were as follows: 27 FP (5' AGA GTT TGA TCG TGG CTC AG 3') and 1492 RP (3' GGT TAC CTT GTT ACG ACT T 5'). After amplification, the amplified DNA product was sequenced and checked for its similarity in NCBI BLASTn in the NCBI database. The similar sequences were collected and the phylogenetic tree was drawn using neighbor joining algorithm.
2.4.
In-vitro probiotic properties of Lactobacillus sp. T5 2.4.1. Antibiotic sensitivity and susceptibility patterns Disc diffusion method was followed to determine the antibiotic susceptibility pattern (Arasu et al., 2013) . Multiple antibiotic discs with different concentrations of the antibiotics were used for the characterization of sensitivity pattern. After the test, the organisms were classified as sensitive or resistant to an antibiotic according to the diameter of the inhibition zone given in a standard antibiotic disc chart.
Susceptibility to low pH
The survival rate of Lactobacillus sp. T5 to low pH was determined using the plate count method (Arasu et al., 2013) . The freshly prepared cells (1%) were mixed with MRS medium prepared with different pH and incubated at 37°C for 3 h. Hundred micro liter of the mixture containing the cells were withdrawn and washed thoroughly with sterile water and spread to on MRS agar plates. Further, the plates were incubated at 37°C for 48 h, and the visible cells were counted. The experiment was performed in triplicate.
Growth in the presence of bile salts
The survival rate of Lactobacillus sp. T5 to bile salts was determined using the plate count method (Arasu et al., 2013) . The freshly prepared cells (1%) were mixed with MRS-thiobroth (MRS supplemented with 0.2% sodium thioglycollate) and MRS-thiobroth supplemented with 0.3% (w/v) Oxgall and incubated at 37°C for 3 h. Hundred micro liter of the mixture containing cells were withdrawn and washed thoroughly with sterile water and spread to on MRS agar plates. Further, the plates were incubated at 37°C for 48 h, and the visible cells were counted. The experiment was performed in triplicate.
Determination of antioxidant property of Lactobacillus sp. T5 2.5.1. Growth in the presence of hydrogen peroxide
The growth pattern of Lactobacillus sp. T5 under different concentrations of hydrogen peroxide was determined by the protocol of Arasu et al. (2014) . For the growth pattern study, the freshly cultivated Lactobacillus sp. T5 was cultivated in MRS broth consisted of different concentrations of hydrogen peroxide (0.2, 0.4, 0.6, 0.8, and 1.0 mM). The survival and growth pattern was measured spectrophotometrically at 600 nm.
Hydroxyl radical scavenging activity
The ability of Lactobacillus sp. T5 to scavenge hydroxyl radical was evaluated by the modified method of Arasu et al. (2014) . Varying concentrations (0.5, 1.0, 1.5, and 2.0, mL) of metabolites free Lactobacillus cells (10 9 CFU /mL) were collected and washed with sterile distilled water. The cells were separated from the extracellular metabolites and were mixed with a reagents containing 2.0 mL FeSO 4 (0.5 mM), 1.0 ml Brilliant Green (0.435 mM), and 1.5 ml H 2 O 2 (3.0%, w/v), and incubated at room temperature for 15 min without disturbance under dark environment. The color changes in the reaction mixtures were measured at 624 nm. Sterile distilled water was used as a positive control. The variations in value of the absorbance revealed the scavenging ability of the Lactobacillus for hydroxyl radicals. The scavenging activity was calculated by following the equation. Scavenging activity (%) = [(As − A0)/ (A − A0)] × 100, where As is the absorbance in the presence of sample, A0 is the absorbance of the control in the absence of sample, and A is the absorbance without the sample and the Fenton reaction system.
In-vitro DPPH free radical scavenging activity
The ability of Lactobacillus sp. T5 to scavenge DPPH radical was evaluated by the modified method of Arasu et al. (2014) . The Lactobacillus sp. T5 strain was cultivated to the stage of mid log phase and then different concentrations of metabolites free cells were rinsed with 1.0 mL DPPH radical solutions (0.05 mM). The reaction mixtures were covered with aluminium foil to prevent the diffusion of light and incubated at room temperature for 30 min under dark condition. After incubation, the cells were separated from the reaction mixtures by centifuation at 13000 rpm for 10 min, and absorbance was measured at 517 nm. Sterile deionized water and methanol acts as a control and blank. The experiment was conducted in triplicate. The scavenging activity was calculated by following the equation. Scavenging activity (%) = [1 − (Asample − Ablank)/ Acontrol] × 100
Statistical analysis
All the results were analyzed with three replications. The mean and standard deviation of all data were calculated in Microsoft office 2007.
Results
Isolation and identification of antifungal Lactobacillus strains
The traditional fermented food of India is known for the existence of functional probiotic Lactobacillus strains. However, by prolonging the storage of the fermented food was spoiled because of the presence of filamentous fungi, but the antifungal properties of then Lactobacillus strains minimize the growth of the filamentous fungi in the fermented food and protect its sensory properties. Similarly, the present study aimed for the identification of antifungal probiotic strains from the commonly consumed fermented food in summer season in India. This study revealed that the fermented raggi malt was the good source of the beneficial strains. The primary antifungal screening study concluded that the all the isolated strains did not showed the activity against the Aspergillus sp., Penicillium sp. and Fusarium sp., whereas the strains exhibiting comparatively better activity was selected and labeled as in T-series. Among the identified strains, strain T5 showed a better activity was selected for further biochemical and molecular level identification. The antifungal activity of the strain T5 was displayed in figure 1 . The physiological and biochemical identification study showed that the strain was catalase negative, Gram positive and the scanning image showed that the strain was small short rod with size 0.2-0.9 µm wide and 2.3-3.4 µm long (Fig. 2) . The strain showed comparatively better tolerance level in the presence of NaCl and KCl, pH of 4.0-8.0, temperatures of 28-45 o C, and with optimum cell growth at temperature 37 o C and pH 7.0 respectively. The sugar utilization studies documented that the strain had a wide range of sugar consumption. Sugar assimilation test revealed that the strain was completely able to utilize and grow on monosaccharides such as glucose, fructose and mannitol, disaacharides such as sucrose, lactose and other sugars such as saccharose respectively. On the other hand, it did not show any positive growth in the presence of pentose sugar (xlylose). Moreover, the production of extracellular enzyme such as amylase and protease were its advantage. Based on the results of morphological, physiological and biochemical characteristics, it was presumed that the strain T5 belonged to the genus Lactobacillus.
The selected promising strain T5 was further characterized at the species level by PCR amplification and sequencing of the 16S rRNA gene. The sequence similarities on BLAST (http://www.ncbi.nlm.nih.gov/BLAST) confirmed that the sequence data had high identity (100%) to Lactobacillus plantarum (SCP-49) with bits score and E value of 2671 and 0, respectively. The phylogenetic tree drawn by the neighbor joining method also showed a close similarity with the reported Lactobacillus plantarum strains (Fig. 3). 
In-vitro probiotic properties of Lactobacillus sp. T5
In general, probiotic microorganisms are characterized as nontoxic, non-pathogenic, withstand in different concentrations of bile salts, able to survive in the presence of gastric acids and able to attach the gut epithelial tissues. In the present study, the promising strain T5 exhibited a wide range of antibiotic sensitivity pattern. The growth of this strain was completely inhibited by the tested anti- Values are means of triplicate determinations with standard deviations. biotic disc (data did not shown). It clearly indicated that the strain was non pathogenic and can be commercialized as a probiotic strain. The tolerance levels and viable counts of the strain at lower buffering conditions and in the presence of oxgall are showed in Table 1 and Fig. 4 . The strain was able to adjust and survive at lower pH (3.0) and able to withstand in the presence of oxgall similar to a gastric condition.
3.3.
In-vitro antioxidant property of Lactobacillus sp. T5 3.3.1. Growth in the presence of hydrogen peroxide The growth of strain T5 in the presence of varying concentrations of hydrogen peroxide is shown in figure 5 . 
Hydroxyl radical scavenging activity
The hydroxyl scavenging effect of the strain T5 is shown in figure 6 . The scavenging effect towards the hydroxyl radical was directly proportional with increasing cell concentrations. Strain T5 showed the highest activity, with an inhibition rate of 43.53 % at 2 mL cell concentration.
3.3.3.DPPH free radical scavenging activity
The DPPH scavenging activity of the strain T5 is displayed in figure 7 . The scavenging activity was dose dependent. The strain T5 revealed highest radical scavenging activity (77%) at 2 mL of cells. Amaretti et al., 2013) . In the present study the antioxidant results of Lactobacillus plantarum T5 suggested that the strain was able to scavenge the free radicals similar to other lactic acid bacteria (Zanoni et al., 2008; Mikelsaar and Zilmer 2009 ). The antioxidant properties of the isolated strain together with traditional fermented foods could be used to treat chronic diseases such as arthritis, atherosclerosis, neurodegenerative diseases, diabetes, cancer and cardiovascular diseases.
Discussion
Conclusion
In summary, a novel Lactobacillus plantarum T5 strain exhibiting antifungal, probiotic and antioxidant properties were isolated from the traditional Indian fermented food. The strain has promising antifungal activity against the food spoilage fungus. Interestingly, the strain could able to survive in low pH and different bile salt conditions. Antioxidant properties of the strain could be used to enhance the cellular antioxidant protection in the host.
